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' . i We compute the hard diffractive hadroproduction of bosons W ± at high energies using 

\Q ' Regge factorization and taking into account multiple Pomeron exchange corrections. The 

C ~ ) ' ratio of diffractive to non-diffractive W production agrees with the current Tevatron data 

f**"'* , and a prediction for the LHC is presented. 

o 

1. Introduction 

•rH . 

1 Diffractive processes in hadron collisions are well described by Regge theory in terms 

of the exchange of a Pomeron with vacuum quantum numbers!^ A good channel 
attracting much attention is the use of hard scattering to resolve the quark and 
gluon content in the PomeronP Observations of diffractive deep inelastic scattering 
at HERA have increased the knowledge about the QCD Pomeron, providing us with 
the diffractive distributions of singlet quarks and gluons (Dpdf 's) in the PomeronP 
At high energies, there is strong suppression of the single-Pomeron Born cross 
section due to multi-Pomeron exchanges. At the Tevatron, the suppression factor 
is about 0.05-0.2, whereas for the LHC the suppression is of order 0.08-0.1 (see, 
for instance SI for reliable estimates). 

In this contribution we summarize the results obtained in^, where the diffractive 
W production is computed for the Tevatron energy and estimates are provided for 
the CERN LHC experiment. We summarize the details concerning the dpdf's in 
the Pomeron, extracted recently in DESY-HERA, and present theoretical estimates 
for the gap survival probability factor. In the last section, we present the numerical 
results for the diffractive ratio in Tevatron and extrapolate them to the LHC energy. 
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2. Diffractive Hadroproduction of W^ 1 

For the hard diffractive processes we will consider the Ingelman-Schlein (IS) picture, 
^ where the Pomeron structure is probed. The generic cross section for a process in 
which partons of two hadrons, A and B, interact to produce a massive electroweak 
boson, A + B — > W^ 1 + X, reads as 



da 



dx a dxi, 



i 1\ £ t 2\ da(ab 

Ja/A(Xa,H )Jb/B{Xb,H j 

a . b 



WX) 



dt 



(i) 



where Xifi/h( x ii M 2 ) is the distribution function of a parton of flavour i = a, b in the 
hadron h = A, B. The quantity da/di gives the elementary hard cross section of the 
corresponding subprocess and fi 2 = Myy is the hard scale in the QCD evolution. In 
the expression for diffractive processes, one assumes that one of the hadrons, say 
hadron A, emits a Pomeron whose partons interact with partons of the hadron B. 
Thus the parton distribution x a f a ^(x a , fi ) in Eq. ([1]) is replaced by the convolution 
between a distribution of partons in the Pomeron, /3/ a /np(/3, fi 2 ), and the "emission 
rate" of Pomerons by the hadron, fw/h( x ip,t). The last quantity, fip/h{%TP,t), is 
the Pomeron flux factor and its explicit formulation is described in terms of Regge 
theory. Therefore, we can rewrite the parton distribution as 



dx w f(x w ) — f a / w ( — , fi 2 ). 



(2) 



where we have defined the quantity /(xp) = /_ dt /^(ij, t). 

Concerning the W ± diffractive production, one considers the reaction p+p(p) — > 
p+ W{— > e v) + X, assuming that a Pomeron emitted by a proton in the positive 
z direction interacts with a p (or a p) producing W that subsequently decays 
into e v. By using the same concept of the convoluted structure function, the 
diffractive cross section for the inclusive lepton production becomes 



da su 

" g lcpton 

drj e 
where 
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(3) 



with A — Mw/2Et, Et being the lepton transverse energy, Gf is the Fermi con- 
stant and the hard scale fi 1 = Myy. The quantity V a b is the Cabibbo-Kobayashi- 
Maskawa matrix element and t = —Et Mw 



A+^/(A 2 -l) 



. The upper signs in 



Eqs. (J3j) refer to W + production (that is, e + detection). The corresponding cross 
section for W~ is obtained by using the lower signs and t <-> u. 

An important clement in the calculation is the Pomeron flux factor, introduced 
in Eq. ([2]). We take the experimental analysis of the diffractive structure function, 
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fw/pi^w, t) = A-p 2 Q P (t)-i i where the Pomeron trajectory is assumed to be linear, 
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&ip(t) — ajp(0) + a' w t, and the parameters and a! w and their uncertainties 
are obtained from fits to HI FPS data. ^ l n our estimates, we will consider the 
dpdf's recently obtained by the HI Collaboration at DESY-HERA. El The Pomeron 
structure function has been modeled in terms of a light flavour singlet distribution 
consisting of u, d and s quarks and anti-quarks with u = d = s = u = d = s, 
and a gluon distribution g(z). Here, z is the longitudinal momentum fraction of the 
parton entering the hard sub-process with respect to the diffractive exchange, such 
that z = [3 for the lowest order quark-parton model process, whereas < (3 < z for 
higher order processes. The quark singlet and gluon distributions are parameterized 



Q.01 



where the 



at Qq with the general form, zfi(z, Qq) — Ai z Bi (1 — z) Ci exp 
last exponential factor ensures that the diffractive pdf's vanish at z — 1. The charm 
and beauty quarks are treated as massive, appearing through boson gluon fusion- 
type processes up to order a 2 . 

It has been known for a long time that factorization does not necessarily hold 
for diffractive production processes. ™ The suppression of the single-Pomeron Born 
cross section due to the multi-Pomeron contributions depends, in general, on the 
particular hard process. We will consider this suppression through a gap survival 
probability factor, < \S\ 2 >, using two theoretical estimates for this factor: (a) 
model of™ (labeled KMR), which considers a two-channel eikonal model. The sur- 
vival probability is computed for single, central and double diffractive processes at 
several energies. We will consider the results for single diffractive processes, where 
< \S\ 2 >kmr— 0.15 for y/s = 1.8 TeV (Tevatron) and < l^ 2 >kmr= 0.09 for 
Vs = 14 TeV (LHC). (b) The second theoretical estimate is from™ (labeled GLM), 
which considers a single channel eikonal approach, where < IS*! 2 >glm= 0.126 for 

= 1-8 TeV (Tevatron) and < \S\ 2 > G lm= 0.081 for ^Jl = 14 TeV (LHC). 

3. Results and Discussion 

Let us present the predictions for hard diffractive production of W's base d on the 
previous discussion. They are compared with experimental data from i n Table 
I, where estimates for the LHC are also presented. In the numerical calculations, 
we have used the new HI parameterization for the diffractive pdf's. 3 As the 
larger uncertainty comes from the gap survival factor, the error in the predictions 
correspond to the theoretical band for < IS*! 2 >. In the theoretical expressions 
of previous section one computes only the interaction of pomerons (emmitted by 
protons) with antiprotons (protons in LHC case), that means events with rapidity 
gaps on the side from which antiprotons come from. Disregarding the gap factor, the 
diffractive production rate is approximately 7 % (using the cut \r)\ < 1) being very 
large compared to the Tevatron data. When considering the gap survival probability 
correction, the values are in better agreement with dat a. W hen considering central 
W boson fraction, —1.1 < r) e < 1.1 (cuts of CDF and D0™^), we obtain a diffractive 
rate of 0.67 % using the KMR estimate for < IS*! 2 >, whereas it reaches 0.76% for the 
GLM estimate. The average rate considering the theoretical band for the gap factor 
is then Ryy = 0.715±0.045 %. Considering the forward W fraction, 1.5 < \rj e \ < 2.5 
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Table 1. Data versus model predictions for diffractive W^ 1 

hadroproduction (cuts Et ■ = 20 GeV and xtp < 0.1). 

i/s Rapidity Data (%) Estimate (%) 

1.8 TeV \n e \ < 1.1 1.15 ± 0.55 El 0.715 ± 0.045 

1.8 TeV |r? e | < 1.1 1.08 ± 0.25 l§l 0.715 ± 0.045 

1.8 TeV 1.5 < \r) B \ < 2.5 0.64 ±0.240 1.7 ±0.875 

1.8 TeV Total W ^ eu 0.89±0.25E1 0.735 ± 0.055 

14 TeV |r? e | < 1 31.1 ± 1.6 



(DO cut), one obtains R w = 0.83 % for KMR and R w = 2.58 % for GLM, with an 
averaged value of Rw — 1-7 ± 0.875 %. In this case, our estimate is larger than the 
central experimental value Rw = 0.64 %. For the total W — > ev we have Rw = 0.68 
% for KMR and R w = 0.79 % for GLM and the mean value R w = 0.735 ±0.055 %, 
which is in agreement with data and consistent with a large forward contribution. 
Finally, we estimate the diffractive ratio for LHC energy, y/s — 14 TeV. In this 
case we extrapolate the pdf's in proton and diffractive pdf's in Pomeron to that 
kincmatical region. This procedure introduces somewhat additional uncertainties 
in the theoretical predictions. We take the conservative cuts \rj e \ < 1, i?T min = 20 
GeV for the detected lepton and x w < 0.1. We find R w = 32.7 % for KMR gap 
survival probability factor and Rw — 29.5 % for GLM, with a mean value of 
Rw iC = 31.1 ± 1.6 %. This means that the diffractive contribution reaches one 
third, or even more, of the inclusive hadroproduction even when multi-Pomeron 
scattering corrections are taken into account. 

In summary, we have shown that it is possible to obtain a reasonable overall 
description of hard diffractive hadroproduction of W relying on Regge factorization 
including the suppression from gap survival probability factor. We find that the 
ratio of diffractive to non-diffractive boson production is in good agreement with 
the CDF and DO data when considering these corrections. The overall diffractive 
ratio for y/s = 1.8 TeV (Tevatron) is of order 1 %. In addition, we make predictions 
which could be compared to future measurements at LHC. The estimates give large 
rates of diffractive events, reaching values higher than 30 % of the inclusive cross 
section. 
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